The results shown in Fig. 4 As for the biological activity of the nitrogen mustards , it has been considered that the OH-radical produced in vivo might play an important role in view of the fact that the effect is analogous to that of X -ray irradiation . Therefore, the in vivo effect of hydrogen peroxide has been compared with that of radiomimetic substances (3) . The effect of the nitrogen mustards on the viscosity of nucleic acid solution was found to be analogous to that of X -ray or ultraviolet irradiation in the presence of hydrogen peroxide or that of Fenton's reagent (2, 21, 22) . It has been reported as well that the nitrogen mustards affect various enzymes, protein , bacteria and viruses and that the effect depend upon the number of beta-chroloethyl radicals contained in them . It may be very difficult to elucidate the mode of its action in the case of such complicated organisms as bacteria or viruses . Rose et al (7) pointed out that sulfuror nitrogen mustards was effective in inactivating the infectivity of influenza virus , while it was ineffective on the hemagglutinating activity . Fong et al (8) (9) (10) (11) carried out the experiments concerning the effect of mustards on the various biological activities of inflenza virus , which led them to the conclusions that the nitrogen mustards readily inactivate its toxicity and infectivity , but that they are less effective on the interferring activity , far less effective on the antigenicity and almost ineffective on the hemagglutinating and eluting activity .
Tagaya (17) reported that a nitrogen mustard (methyl bis (beta -chloroethyl) amine hydrochloride) was effective in inactivating VH at a low concentration , whereas its N-oxide was ineffective under the same conditions . In the present report five nitrogen mustards and their N-oxides were further examined concerning their effect on infectivity and hemagglutinin of vaccinia virus preparation. It appeared in general that there is a gross parallelism between the VH and infectivity-inactivating activities , but in some cases (tris, tris.ox and tetrakis.ox) egg infectivity was preserved under the conditions where VH could not be measured. The fact may depend on the sensitivity difference of the titration methods, but in the case of diethyl and diethyl .ox, inf ectivity was proved to have been inactivated, whereas VH remained hardly unaffected . The effect on VH appeared to run parallel with the number of beta -chloroethyl radicals, the gradient being as follows: tetrakis > amyl > tris > methyl> diethyl
The fact that amyl, a bifunctional amine , is more effective than tris, a trifunctional amine seems to suggest that amyl-radical might as well play a role in inactivating VH. Ishidate et al (18) reported that the biological activit y of the N-oxide of the nitrogen mustards is milder than the original compounds , 
SUMMARY AND CONCLUSIONS
Five nitrogen mustards: methyl-bis (beta-chloroethyl)-amine hydrochloride tris-(beta-chloroethyl) -amine hydrochloride, amyl-bis-(beta-chloroethyl)-amine hydrochloride, diethyl-(beta-chloroethyl)-amine hydrochloride and N, N'-tetrakis-(beta-chloroethyl)-ethylendiamine dihydrochloride, and N-oxide of each (N, N'-dioxide with the last amine) were examined in vitro concerning VH or virus inactivating effect (the compounds are referred to only by their initial letters and vaccinia hemagglutinin is referred to as VH). Tetrakis was most effective in inactivating vaccinia hemagglutinin , whereas diethyl.ox was scarcely effective even at the concentration of 1/25 M . VH inactivating activity appeared to depend on the number of beta-chloroethyl radicals and the N-oxide of each compound was in general less effective than the original compound, with the exception of tris and its N-oxide. Amyl with the same structure as methyl except that the former has an amyl-radical in place of methyl-radical in the latter, was far more effective than the latter .
A gross parallelism was observed between the VH-and infectivity-inactivating effect of the compounds, but diethyl and diethyl.ox were effective in inactivating viral infectivity in vitro at the concentration, where VH remained almost intact.
The order of the compounds in regard to VH inactivating activity may be described as follows:
Tetrakis > amyl > tris.ox > tetrakis.ox> amyl .ox > tris > methyl.ox > diethyl > diethyl.ox
The effect of potassium periodate, hydrogen peroxide or Fenton's reagent was examined as well to prove that VH is inactivated by potassium periodate , but it does not by hydrogen peroxide or Fenton's reagent under the conditions examined.
